The successive reaction of b -or g -hydroxy or amino phenyl thioethers ( 1 , 4 ) with butyllithium and an excess of lithium powder in the presence of a catalytic amount of DTBB in THF at Ð 78¡C leads to the formation of the corresponding b -or g -functionalized organolithium compounds 2 or 5 , respectively, which by treatment with different electrophiles [D 2 O, t -BuCHO, PhCHO, Me 2 CO, (CH 2 ) 4 CO, (CH 2 ) 5 CO] at temperatures ranging between Ð 78¡C and room temperature yields, after hydrolysis with water, the expected functionalized alcohols or amines 3 or 6 , respectively, in a completely regioselective manner.
Functionalized organolithium compounds ( I ) 1 are interesting intermediates in synthetic organic chemistry because they are able to transfer their functionality to electrophilic reagents, thus in only one reaction step polyfunctionalized molecules ( II ) can be directly prepared. The stability of these intermediates depends strongly on the separation between the functional group and the carbonÐlithium bond: b -or g -functionalized derivatives ( I , n = 2, 3) are especially unstable undergoing b -or g-elimination, respectively, even at very low temperatures giving alkenes 2 and cyclopropanes, 3 respectively, as the reaction products. One way to decrease the ability of the heteroatom X to act as a leaving group is to transform this neutral group into a negative one locating a negative charge on it, so intermediates of type III are far more stable than I as they are able to survive at low temperatures. These sp 3 -hybridized b -functionalized organolithium compounds ( III , m = 2), also called d 2 reagents, 4 have been prepared by (a) mercuryÐlithium exchange from the corresponding hydroxy or amino mercurials; 5 (b) chlorineÐlithium exchange from b -chloro alcohols 6 or amines 7 using a lithium arene; 8 (c) reductive opening of oxiranes 9 or aziridines 10 using the last lithiation mixture 8 or an excess of lithium and a catalytic amount of an arene, 11 naphthalene and 4,4'-di-tert -butylbiphenyl (DTBB) being the most commonly used; 12 and (d) to the best of our knowledge, only one example has been described in the literature 6f,g of using a tinÐlithium transmetallation reaction. Concerning sp 3 -hybridized g-functionalized organolithium compounds ( III , m = 3), also called d 3 reagents, 4 they have been prepared following the former routes (b) , 13 (c) (from the corresponding four-membered saturated heterocycles), 14 and (d), 15 as well as by addition of an alkyllithium to allylic derivatives, 16 and in some very special cases by direct deprotonation. 17, 18 To the best of our knowledge, very few examples of functionalized organolithium compounds (mainly having the lithium atom at a benzylic position) have been described by sulfur/lithium exchange using a lithiumÐarene reagent in the lithiation step. 19 In this article we describe the application of an arene-catalyzed lithiation, a methodology developed in our laboratory in the last few years, 11, 12 to the general preparation of b -and g-functionalized organolithium intermediates by a sulfur/ lithium exchange. 20, 21 The reaction of different b -hydroxy or b -phenylamino phenyl thioethers 1aÐf with butyllithium (1:1 molar ratio) in THF at Ð78¡C for 10 min followed by treatment with a dark green suspension of an excess of lithium powder (ca. 1:14 molar ratio) and a catalytic amount of DTBB (1:0.1 molar ratio; 5 mol%) in THF at the same temperature for 1Ð3 h (see experimental part; after this time the dark green colour appeared again) gave a solution of the corresponding dilithiated intermediate 2aÐf , which by reaction with different electrophiles [D 2 O, t -BuCHO, PhCHO, Me 2 CO, (CH 2 ) 4 CO, (CH 2 ) 5 CO] at temperatures ranging between Ð78¡C and room temperature afforded, after hydrolysis with water, the expected functionalized alcohols or amines 3aaÐfe (Scheme 1 and Table 1 ). In all cases a variable amount (<20%) of the corresponding ÒreducedÓ products ( 3 with E = H) was detected in the reaction mix- ture, which could be easily separated by column chromatography, except when deuterium oxide was used as electrophile (Table 1 , entries 1, 6, 12 and 17) ; the formation of these byproducts is due to the partial decomposition of very reactive intermediates of type 2 by abstracting a proton from the reaction medium. 10b Concerning the stereochemical stability of intermediates of type 2 , we prepared the starting material 1c as the pure trans -diastereoisomer and submitted it to the reaction shown in Scheme 1. After isolation different ratios of a trans/cis diastereoisomeric mixture were obtained (1.3Ð 5:1; Table 1 , entries 10 and 11), so we conclude that intermediates 2 are configurationally unstable. From the results shown in Table 1 it can be seen that this methodology allows us to prepare for the first time bfunctionalized organolithium compounds 2f derived from an aliphatic amine. These dianionic species are not accessible by any route mentioned above, so even reacting with electrophiles in poor yields (Table 1 , entries 21Ð23) their preparation results in an intrinsic novelty. Starting materials 1 were prepared following classical methodologies. Thus, hydroxy thioethers 1aÐc were obtained by reaction of the corresponding epoxides with potassium thiophenolate. Successive reaction of 1-bromo-2-chloroethane with potassium thiophenolate and aniline or isopropylamine yielded aminated thioethers 1d or 1f , respectively. Finally, compound 1e was prepared by treatment of benzylidene aniline with lithiomethyl phenyl thioether. In all cases the final hydrolysis with water afforded the corresponding products 1aÐf . In the second part of this study we report on the application of the methodology shown in Scheme 1 to the prepa-
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Miguel Yus ration of g -functionalized organolithium compounds of type III with m = 3. Thus, when γ−oxygenated or γ-aminated thioethers 4aÐd were submitted to the same protocol as for starting materials 1, and using different electrophiles [D 2 O, t-BuCHO, PhCHO, Me 2 CO, (CH 2 ) 4 CO, (CH 2 ) 5 CO], the expected products 6abÐde were isolated after hydrolysis, dianionic intermediates 5aÐd being presumably involved in the reaction (Scheme 2 and Table 2 ). One important remark has to be noted concerning the results shown in Scheme 2. Not only aliphatic amine derivatives (5c) can be prepared for the first time (which are also not accessible by other methodologies) but also we were able to generate an intermediate in which the anionic nitrogen has no substitution (5d), i.e., a primary amine derivative, and from this, although with modest yields, functionalized primary amines 6dbÐde could be directly prepared ( Table 2 , entries 13Ð16).
In this case, and in order to study the possibility of preparing enantiomerically pure compounds, we prepared the chiral derivative (S)-4b and reacted it under the reaction conditions shown in Scheme 2; when acetone was used as electrophile enantiomerically pure product (S)-6bd was isolated (Table 2, entry 7). However, using a prochiral electrophile such as benzaldehyde, a ca. 1:1 diastereomeric mixture was obtained. This result, which has been already observed in other cases, 6c,9e,14h shows that the asymmetric induction is practically nonexistent; an explanation for this behaviour can be found by considering the high reactivity of intermediates of type 5. Concerning starting materials 4, oxygenated derivatives 4a,b [or (S)-4b] were prepared by treatment of the corresponding epoxides with lithiomethyl phenyl thioether and final hydrolysis. Compound 4c was prepared following the same procedure as for 1f but using 1-bromo-3-chloropropane instead of 1-bromo-2-chloroethane. Finally Michael-type addition of thiophenol to methyl vinyl ketone followed by reductive amination (H 4 NOAc/ NaBH 3 CN) afforded compound 4d, after hydrolysis. In conclusion, we have shown in this paper that the DTBB-catalyzed lithiation of oxygen-or nitrogen-containing phenyl thioethers is an adequate methodology to prepare b-and g-functionalized organolithium intermediates, which are rather stable at low temperature and react with different electrophiles (mainly carbonyl compounds) to give functionalized alcohols or amines. In some cases (aliphatic amine derivatives) the mentioned derivatives are only accesible by the way described in this paper. Finally, the results of this methodology compare well with other methodologies used : as an example, either the reductive opening of styrene oxide or the lithiation of its chlorohydrin (2-chloro-2-phenylethanol) afford the benzylic derivative 2'a. However, the successive thiophenolate opening of the same epoxide followed by DTBBcatalyzed lithiation afforded the corresponding regioisomer 2a (Table 1 , entry 1).
Melting points are uncorrected. IR were recorded on a Nicolet 510 P-FT and only the structurally most important peaks are listed. NMR spectra were determined on a Bruker AC-300 using TMS as internal standard; coupling constants (J) are given in Hz. Optical rotations were measured on a Jasco DIP-1000 polarimeter. Low resolution electron impact (EI) mass spectra were obtained at 70 eV on a Shimadzu QP-5000. HRMS (EI) were recorded on VG-Micromass ZAB-ZF, Kratos MS 80 RFA, and Finnigan MAT 95 S. Microanalysis were performed by the Microanalyses Service of the University of Alicante and the University of Zaragoza. All reagents were commercially available and of the best grade. Reaction solvents were dried and distilled under N 2 using standard procedures. Analytical TLC was performed on Schleicher & Schuell F1400/LS silica gel plates andthe spots visualized with UV light at 254 nm. GLC analysis were performed on a HP 5890.
Preparation of Compounds 1aÐc; General Procedure
Thiophenol (1.10 g, 1.02 mL, 10 mmol) was added dropwise to KOH (0.68g, 12 mmol) in MeOH (30 mL) at r.t. After 10 min, the corresponding epoxide (10 mmol) was added dropwise. The mixture was heated at 50¡C for 2 h. After that, the solvent was removed on a rotary evaporator and the residue was hydrolyzed with H 2 O (20 mL) and extracted with EtOAc (3 × 25 mL). The organic layer was dried (Na 2 SO 4 ) and evaporated (15 mmHg) to give a residue, which was purified by column chromatography (silica gel, hexane/ EtOAc) to give title compounds 1aÐc.
1-Phenyl-2-phenylsulfanylethanol (1a)
Pale yellow oil, R f 0.33 (hexane/EtOAc: 5/1). 
MS (EI)
:
1-Phenylsulfanyloctan-2-ol (1b)
Pale yellow oil, R f 0.51 (hexane/EtOAc: 5/1). 
N-Isopropyl-2-phenylsulfanylethylamine (1f)
A solution of 2-chloroethyl phenyl thioether (1.73 g, 10 mmol) in isopropylamine (8 mL) was heated at 50¡C in a sealed tube for 20 h. After that, the solvent was removed on a rotary evaporator and the residue was hydrolyzed with H 2 O (25 mL) and extracted with EtOAc (3 × 25 mL). The organic layer was extracted with 1 M HCl (2 × 20 mL) and this acidic aqueous layer was basified with NaOH and extracted again with EtOAc (3 × 25 mL). This new organic layer was dried (Na 2 SO 4 ) and evaporated (15 mmHg) to give a residue which was the title compound (>90% pure) as a yellow oil, R f 0.41 (hexane/EtOAc: 1/1). 
MS (EI)
:oxide or (S)-styrene oxide] was added dropwise. The system was allowed to reach r.t. after 3 h and was hydrolyzed with H 2 O (30 mL) and extracted with EtOAc (3 × 25 mL
N-Isopropyl-3-phenylsulfanylpropylamine (4c)
Compound 4c was prepared following the same reaction conditions as that for compound 1f, using in this case 3-chloropropyl phenyl thioether instead of 2-chloroethyl phenyl thioether resulting in a pale yellow liquid, R f 0.11 (EtOAc). 25 Sodium cyanoborohydride (0.50 g, 8 mmol) was added to 4-phenylsulfanylbutan-2-one (1.44 g, 8 mmol, easily prepared from thiophenol and methyl vinyl ketone) 23 in MeOH (30 mL), 4• molecular sieves (1.30 g) and ammonium acetate (6.16 g, 80 mmol) at r.t. under Ar. The mixture was stirred for 48 h at the same temperature and after that it was filtered, the solvent removed on a rotary evaporator and the residue diluted with H 2 O (5 mL), basified with 15% NaOH and extracted with EtOAc (3 × 25 mL). The organic layer was extracted with 1 M HCl (2 × 20 mL) and this acidic aqueous layer was basified with NaOH and extracted again with EtOAc (3 × 25 mL). This new organic layer was dried (Na 2 SO 4 ) and evaporated (15 mmHg) to give a residue, containing the title compound (>90% pure) as a yellow liquid, R f 0.41 (EtOAc). 
MS (EI)
4-Phenylsulfanyl-2-butanamine (4d)

MS (EI)
Lithiation of Functionalized Phenyl Thioethers 1 and 4 and Reaction with Electrophiles. Preparation of Compounds 3 and 6;
General Procedure A 1.6 M BuLi hexane solution (0.69 mL, 1.1 mmol) was added at Ð78¡C to a functionalized phenyl thioether (1 or 2, 1.0 mmol) THF solution (2 mL) under Ar at Ð78¡C. After 10 min at this temperature, the corresponding alcoholate (compounds 1) or amide (compounds 4) solution was added via syringe to a cooled (Ð78¡C) blue suspension of lithium powder (0.10 g, 14.0 mmol) and a catalytic amount of DTBB (0.03 g, 0.11 mmol) in THF under Ar. The mixture was stirred at the same temperature for 1.5 h in the case of compounds 1aÐe and 4aÐb, 2 h in the case of compound 4c, 3 h in the case of compound 1f and 5 h in the case of compound 4d. Then, the corresponding electrophile (1.1 mmol, 0.5 mL in the case of deuterium oxide) was added at Ð78¡C and the temperature was allowed to rise to 20¡C overnight. The resulting mixture was hydrolyzed with H 2 O (15 mL) and extracted with EtOAc (3 × 20 mL). The organic layer was dried (Na 2 SO 4 ) and evaporated (15 mmHg) to give a residue, which was purified by column chromatography (silica gel, hexane/EtOAc) and/or recrystallized to yield pure products 3 and 6. Yields are included in Tables 1 and 2 . Physical, spectroscopical and analytical data as well as literature references for known compounds follow.
2-Deuterio-1-phenylethanol (3aa) 26 Colorless liquid, R f 0.31 (hexane/EtOAc: 5/1). CH 2 ), 71.6, 74.9  (CHOH), 125.3, 125.65, 127.4, 127.6, 128.4, 128.4, 144.1 (49), 79 (40), 77 (39), 71 (10), 69 (13), 68 (10), 67 (17), 55 (54), 54 (12), 51 (22), 43 (27) , 42 (27) . 1 IR (neat) ν = 3715Ð3055 (OH) cm -1 .
MS (EI)
2-Methyldecane-2,4-diol (3bd) 32
Colorless oil, R f 0.25 (hexane/EtOAc: 5/1). 
MS (EI)
: m/z (%) = 170 (M + Ð H 2 O, 1), 95 (21), 85 (30), 82 (16), 81 (25), 79 (12), 71 (61), 69 (17), 68 (42), 67 (46), 55 (32), 53 (15), 43 (
2-Methyl-4-phenylaminobutan-2-ol (3dd) 10b
White solid mp 60¡C, R f 0.18 (hexane/EtOAc: 3/1). 
MS (EI)
